INTRODUCTION
Mussel populations are strongly shaped by the interactions of predation, competition and recruitment. Menge & Sutherland (1976 view predation and competition as complementary, with the balance between them depending on the interaction between recruitment intensity and predation rates. Certainly, while the effects of predation are clear in many cases (e.g. Paine 1974 , Robles et al. 1990 , Robles & Robb 1993 , its importance differs biogeographically between low and high recruitment regimes (Menge & Lubchenco 1981) . Moreover, these biological effects interact not only with each other, but also with the physical environment. For example, predators may be less abundant or less efficient under strongly waveexposed conditions (Menge 1974 , Menge & Sutherland 1976 , though see Menge 1992 ), while growth rates differ along physical gradients such as low to high shore (Griffiths 1981) , salinity gradients in the Baltic Sea (Westerbom et al. 2002) , or between exposed and sheltered conditions (Menge 1992 ABSTRACT: A fine time-scale study was undertaken on the effects of wave exposure, tidal height and substratum type on mussel recruit densities on the south coast of South Africa. Prior to sampling, an exposed and a sheltered shore were identified at each of 2 sites (Diaz Cross and High Rocks) 7 km apart. Each shore was divided into 3 shore levels (termed zones) within which 3 substrata (adult mussels, coralline and non-coralline macroalgae) were sampled. Destructive sampling of early (<1 mm) and late (1 to 5 mm) plantigrades was performed daily over 30 d during a period of comparatively high recruitment. Recruitment was synchronised among substrata within zones, but not among zones or between sites. This suggests that larvae will settle on all substrata within a zone, but will prefer some substrata over others. They will not, however, search among zones for favoured substrata. Densities of early (but not late) plantigrades were consistently greater at Diaz Cross than High Rocks, indicating important differences in post-settlement mortality between sites. At both sites, densities of both recruit classes were greater on the low and mid shore than on the high shore. Generally (18 out of 20 comparisons), plantigrade densities within each zone were greater on algae than on adult mussels. Approximately 45% of all recruits collected were found on the foliose coralline alga Corallina, 37% on adult mussels and 18% on the rhodophyte Gelidium pristoides. Without secondary relocation from macroalgae to adult mussel beds, juveniles recruiting onto algae are likely to be lost. On low shore algae, densities of both early and late plantigrades were greater for exposed shores. Densities of plantigrades on the mussel bed and on algae on the mid and high shore were not correlated with exposure. Thus, site, substratum and zone all had significant and interacting effects on the density of recruits on both exposed and sheltered shores. The effect of wave exposure on recruitment, at least on the low shore, suggests that spatial subsidies not only in the form of food supply, but also in the form of larval transport, have a role in structuring mussel populations.
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McQuaid & Lindsay 2000). Griffiths & Hockey (1987) have modelled predation versus intraspecific competition as causes of mortality and find the balance shifts depending on growth rates. Thus, the importance of competition for space differs between high and low shore mussel populations or between exposed and sheltered populations because of direct effects on mussel growth and non-predatory mortality rates (e.g. Kitching et al. 1958 , Dayton 1971 , Menge 1976 , as well as indirect effects on predators. As a result, the population structure of mussel beds can differ markedly between wave-exposed and wave-sheltered shores (Jones & Demetropoulos 1968 , Alvarado & Castilla 1996 . Recruitment is determined by settlement rates and post-settlement mortality. Settlement depends on factors operating at a range of physical scales, including larval supply and delivery as well as larval behaviour that allows choice of substratum (Petersen 1984 , Nielsen & Franz 1995 . Supply will have a biogeographic component, but within a given area, hydrodynamic processes can regulate the supply of larvae reaching potential settling sites (Armonies & Hellwig-Armonies 1992, Fuentes & Molares 1994 , Leonard et al. 1998 , Cowen et al. 2000 , McCulloch & Shanks 2003 . Likewise, advection of water/larvae to a site and water flux over a site can influence the number of settlers (Hunt & Scheibling 1995 , Judge & Craig 1997 , Leonard et al. 1998 . This implies potential differences in larval supply to wave-exposed as opposed to sheltered sites, and to high as opposed to low shore zones (e.g. McKindsey & Bourget 2000) . Accordingly, the proportion of variability in adult densities explained by recruitment appears to decline from exposed to sheltered sites (Menge & Farrell 1989) . In addition, properties of the existing community on the shore can affect settlement. On one hand, the presence of macroalgae can increase the density of mussel settlers in a given area (Cáceres-Martínez et al. 1993 , 1994 , Phillips 1994 , Davis & Moreno 1995 , while on the other, filtering of larvae by adult mussels may be important (Andre et al. 1993 , Lehane & Davenport 2004 .
As well as settlement intensity, recruitment (i.e. the number of juveniles surviving to some point in time after settlement) also depends on subsequent mortality rates. There is little information on predation of recent settlers. Hunt & Scheibling (1998) suggest that predation of mussels > 2 to 3 mm by young whelks may influence recruitment but there is no evidence that predation of early plantigrades (i.e. individuals <1 mm) is important on rocky shores. On soft sediments, crustaceans often prey on bivalve spat. Van der Veer et al. (1998) concluded that such predation does not appear to limit recruitment, but Beukema & Dekker (2005) attribute long-term (15 yr) declines in Wadden Sea bivalve numbers largely to predation of the early benthic stages. There is also little or no information on competition for space among recent settlers, although the stochastic development of new beds in areas previously devoid of mussels (Berry 1978, C. D. McQuaid pers. obs.) suggests that this may occasionally be important, and competition for space certainly becomes a major source of mortality at later stages (Griffiths & Hockey 1987 , Hughes & Griffiths 1988 . Mortality of recent settlers is, however, likely to be affected by abiotic factors such as dislodgement by waves, desiccation and/or temperature stress, which are linked to height on the shore and degree of wave exposure.
An important peculiarity of mussels is that their recruitment may also be affected by secondary settlement. Bayne (1964) suggested that Mytilus exhibits secondary relocation of plantigrades from an initial settlement site of algae into adult mussel beds. There has been support for this suggestion (e.g. Seed 1969 ), but there is little direct evidence (see below) and Lasiak & Barnard (1995) suggest that Perna perna, the dominant mussel on the south and east coasts of South Africa, does not exhibit such behaviour. The fate of juvenile Perna settling onto algae is unclear and a secondary dispersal phase raises the possibility of further loss of recruits through advection or failure to find suitable settlement sites etc. However, without re-location in some form, larvae on algae are presumably lost to the population. This is particularly important on the south and east coasts of South Africa because, although disturbance by wave action can be an important cause of mortality (J. Erlandsson unpubl. data), predators other than man seem to exert little control on mussel populations (Griffiths & Hockey 1987) and mussel beds on this coast appear to be strongly recruitment-limited (Berry 1978 , Harris et al. 1998 . The question of possible secondary settlement is especially important because small mussels are often abundant on a common macroalgae, the rhodophyte Gelidium pristoides, which is harvested commercially (Beckley 1979 , Erlandsson & McQuaid 2004 .
Thus, recruitment holds the balance between competition and predation as major regulators of mussel populations. Recruitment rate, in turn, is clearly affected by wave exposure, height on the shore and substratum type, but it is clear from the literature that their effects are not consistent and we are not aware of any study that examines them simultaneously. Here, we examine the interactions of the effects of these 3 factors on densities of early recruits of Perna perna sampled on a fine temporal scale. In particular, we address the issue of whether juvenile mussels on algae form a significant proportion of early recruitment.
MATERIALS AND METHODS

Study sites
The densities, distribution and sizes of Perna perna recruits were quantified at 2 sites approximately 7 km apart, near Kenton-on-Sea (33°41' S, 26°40' E) on the south coast of South Africa. Both sites were of aeolianite rock, in the form of wave-cut platforms, with mussel beds at the seaward edge of the platform. At each site, we identified 1 exposed and 1 sheltered shore <150 m apart. Exposed sites were on headlands with heavy wave action, waves breaking onto or just before the mussel bed. sites were in the lee of headlands, where waves break further offshore and roll onto the rocks as white water. The shores sampled were Diaz Cross exposed (DE) and sheltered (DS), and High Rocks exposed (HE) and sheltered (HS).
At each shore, we sampled the low , mid and high shore regions of mussel beds, which we termed 'zones'. Within each zone, we sampled 2 substrata: (1) adult mussel beds and (2) foliose macroalgae. Algae comprised the articulated coralline algae Corallina spp. on the low shore and the non-coralline red alga Gelidium pristoides on the mid and upper shore. Recently settled Perna perna have been observed on all of these substrata (Berry 1978 , Beckley 1979 , Lasiak & Barnard 1995 . At sheltered low shore sites, mussels were so scarce that it was not practical to sample them (Table 1) .
Sampling procedure
Daily sampling was undertaken from 20 April 1996 to 21 May 1996. Sampling took too long and sites were too inaccessible to allow sampling of both sites on the same day. Thus, sites were sampled on alternate days, but sampling was sometimes impossible because of conditions of tide and weather. The temporal resolution of sampling decreased down shore as the low shore was more often inaccessible, especially during neap tides.
Recruitment was examined by clearing 3 randomlyplaced 10 × 10 cm quadrats with 100% cover of each substratum within each tidal height. The entire area of each substratum within a quadrat was removed and the rock scraped bare of visible organisms. Samples were placed in 12% commercial bleach solution (sodium hypochlorite) for 5 to 10 min and agitated to release young mussels from the substratum (Davies 1974) . The substratum and solution were then washed through a series of sieves (500, 300, 150 µm) and the material left in the top sieve was thoroughly rinsed with water. Mussels less than 15 mm were washed into filter paper funnels and frozen. Later, all mussels were counted and measured (to the nearest 0.083 mm) using a dissecting microscope fitted with a micrometer. Large amounts of sand or numbers of mussels made it necessary to process subsamples (50 or 25%), obtained using a plankton splitter, in a few (8) cases. Perna perna settles at a size of 300 to 320 µm, and individuals > 340 µm show growth of the dissoconch (S. Bownes unpubl. data). We divided samples into early (<1 mm) and late (1 to 5 mm) plantigrades. Thus, early plantigrades include primary settlers that have just arrived on the shore as well as individuals that settled some time previously.
The percentage cover of each substratum on each shore was estimated visually using ten 50 × 50 cm quadrats, sub-divided into 100 cm 2 squares, placed at random in each zone (Table 1) .
Data analysis
Synchrony of recruitment. Trends in daily recruit densities were examined with reference to site, substratum and zone. Our approach was subjective and limited to obvious trends, as formal analysis (e.g. using cross-correlation) would have required the data to be so reduced that little information would have been gained. Observations were divided into 2 broad categories: (1) synchrony on a given substratum in different zones and (2) synchrony among substrata within zones. This was done for Diaz Cross and High Rocks data independently and separately for early and late plantigrades.
Density. Analyses of densities were carried out separately for early and late plantigrades. Ideally, the data would be analysed in a 4-way ANOVA, using site, substratum, zone and exposure as the factors. However, the design was incomplete as mussels were so rare at sheltered low shore sites that it was not possible to sample them. In addition, data were missing for some days when sampling was impossible. Therefore, the analysis was done in 4 sections, using data pooled for the entire period. Analyses were carried out using Statgraphics (v.7.0) software on untransformed data, unless transformations improved the suitability of the data for ANOVA. Post hoc tests were done using Tukey's test. Due to the large number of 1-way ANOVAs performed in the final analyses, Bonferroni adjustments were undertaken to avoid Type 1 errors (see below). Effects of site, zone and exposure on recruit densities on algae: The densities of plantigrades on algae were examined with a 3-way ANOVA using site (DC, HR), exposure (E, S) and zone (low, mid, high) as factors. For this analysis, Corallina and Gelidium were not distinguished from each other, and were treated together as algae because they predominate in different zones, confounding zone with algal species. The analyses were carried out on log-transformed data (log x + 1).
Effects of site, zone and substratum on recruit densities under exposed conditions: A 3-way ANOVA was carried out using site (DC, HR), zone (low, mid, high) and substratum (mussels, algae) as factors. The analyses were carried out on log-transformed data (log x + 1). This analysis could not be performed for the sheltered shores because the substratum 'low shore mussels' was missing.
Effects of site, zone, exposure and substratum on the mid and high shore: The effects of site (DC, HR), exposure (E, S), zone (mid, high) and substratum (mussels, algae) on plantigrade densities were examined using a 4-way ANOVA. The analyses were carried out on log-transformed data (log x + 1).
Comparison of recruit densities on algae and mussels: Comparison of plantigrade densities on algae and mussels in each zone, and for each exposure was carried out using 1-way ANOVA. For each exposed shore, three 1-way ANOVAs were completed, 1 comparison for each zone. For sheltered shores, mussels were missing from the bottom of the shore and two 1-way ANOVAs were carried out, one each for the mid and highshore. Analyses were performed separately for early and late plantigrades, involving 20 ANOVAs, carried out with Bonferroni correction. These analyses were carried out on untransformed data.
The above analyses apply to areas of 100% cover of substratum, either algae or mussels. Densities of plantigrades on a theoretical square metre of shore, with a mixture of substrata, were estimated using the % cover of substrata for each zone at each shore (Table 1) . Comparisons of total plantigrade densities on each substratum were made for each zone at each shore using 1-way ANOVA of untransformed data, with Bonferroni correction.
RESULTS
Synchrony of recruitment
There are 3 aspects to synchrony: (1) between sites, (2) among substrata, (3) among zones. No strong temporal patterns were obvious and there were exceptions to the general patterns described below.
Densities of recruits were poorly synchronised between sites (Figs. 1 & 2) . At Diaz Cross, relatively high numbers of both size classes of recruits tended to occur between 2 to 7 May, with no obvious pattern at High Rocks. Likewise, there was little synchrony among zones and recruit densities were rarely synchronised on the same substratum in different zones on a shore. There was better synchrony among substrata within each zone, especially for early recruits. Synchrony among substrata deteriorated further upshore and did not occur on the high shore. Three 
Density
In all analyses, main effects were rare, but many interactions were significant.
Effects of site, zone and exposure on recruit densities on algae: Early plantigrades ( Table 2A) . Densities of early plantigrades were higher at Diaz Cross, but there was a significant site/zone interaction. At Diaz Cross, density was greatest on the mid shore, while at High Rocks it was greatest on the low shore (Fig. 3A) . Densities tended to be greater on exposed shores, but at both sites, the difference in densities at exposed and sheltered shores decreased upshore, giving a significant interaction between exposure and zone (Fig. 3B) .
Late plantigrades ( Table 2B ). The effect of zone differed between sites (interaction, p < 0.0001) and, as with early plantigrades, densities were greatest on the mid shore at Diaz Cross and on the low shore at High Rocks (Fig. 4A) . Again, late plantigrades were more abundant under exposed conditions at both sites (site/exposure interaction non-significant, Fig. 4B ), but there was a significant site/zone/ exposure interaction as the strength of exposure/zone interaction differed between sites (Fig. 2) .
Effects of site, zone and substratum on recruit densities under exposed conditions: There were significant interactions among all factors in both analyses, indicating complex and variable effects.
Early plantigrades (Table 3A) . Most interactions were significant, including all those involving site. Densities were significantly higher on algae than on mussels at both sites (Fig. 5A ), but the effect was stronger at Diaz Cross (significant interaction of site and substratum). This effect was consistent across zones (Fig. 5B) , with no zone/substratum interaction. There was a site/zone interaction, with higher densities on the low shore at High Rocks and the mid shore at Diaz Cross (Fig. 5C) , as above. The significant site/zone/substratum interaction reflects the stronger effect of substratum at Diaz Cross and the differing effect of zone at the 2 sites.
Late plantigrades ( Table 3B ). The overall results were almost identical to those for early plantigrades, again with most interactions being significant; the only difference was a significant effect of site as a main factor. As for early plantigrades, greater densities were found on algae at both sites (Fig. 5D) , though the interaction between site and substratum was significant. Although Table 2 . Three-way ANOVA showing effects of site, zone and exposure on densities of larvae on algae. ns: non-significant the substratum effect appeared strongest on the mid shore (as for early plantigrades), there was no significant zone/substratum interaction (Fig. 5E ). Again, as for early plantigrades, the effect of zone differed between sites; highest densities were on the mid shore at Diaz Cross, but on the low shore at High Rocks (Fig. 5F ). Effects of site, exposure, zone and substratum on the mid and high shore: The only significant main effect was the influence of site on early plantigrades (Table 4A ,B), with higher densities at Diaz Cross, but there were a number of significant interactions, all involving site. The site/zone and site/substratum interactions were significant in both analyses, as were the 3-way interactions among site, zone and substratum. However, for both size classes, densities were always greater on algae than on mussels and on mid than high shore zones.
Summary of above analyses: Early and late plantigrades showed broadly the same statistical responses to the factors examined, with 1 important difference. Densities of early plantigrades were higher at Diaz Cross than they were at High Rocks, while for late plantigrades, there was generally no difference. More recruits occurred on the low and mid shore than on the Table 3 . Three-way ANOVA showing effects of site, zone and substratum on densities of larvae on exposed shores. ns: non-significant high shore, and on algae than on mussels. Plantigrade densities on low shore algae were greater under exposed conditions. Effect of substratum at each exposure, zone and site: We compared the average numbers of plantigrades on 100% cover of algae or mussels at each exposure, in each zone (except for low shore) and at each site separately. Densities of early plantigrades were greater on algae in 9 out of 10 cases, but only 1 of these was significant (1-way ANOVA, p < 0.005) after Bonferroni adjustment. Densities of late plantigrades were also greater on algae for 9 of the 10 comparisons, and 6 of these were significant (p < 0.005) after Bonferroni adjustment.
Thus, a 100% cover of substratum, plantigrades tended to be more abundant on algae than on mussels. However, mussels often had greater total cover within a given zone (Table 1) . We weighted numbers of plantigrades according to total cover of each substratum in each zone and compared total numbers on each substratum within zones. Of the 12 possible comparisons, 2 were omitted as mussels were not sampled on the low shore of exposed shores. For each size class of recruits, total numbers on mussels were equal to or greater than total numbers on algae in exactly half of the comparisons (p < 0.005). Table 4 . Four-way ANOVA showing effects of site, exposure, zone and substratum on densities of larvae on the mid and high shore. ns: non-significant
DISCUSSION
The most striking result of this study was that the effects of the factors examined on plantigrade densities were so extremely variable, resulting in significant interactions among factors in most analyses. Often, this did not mean a reversal of effects (e.g. exposure increases densities in one zone, but decreases them in another), but rather that the effect of a factor varied in strength (e.g. exposure increases densities, but more so in some zones than others). The patterns were generally the same for early and late plantigrades, except for the effect of site, which was significant for early, but generally not for late plantigrades. In spite of this extreme variability, there were clear overall trends: (1) Recruitment was synchronised among substrata within a zone, but not among zones and not between sites. (2) There were frequent effects of site and, where this occurred, densities were higher at Diaz Cross than at High Rocks. (3) Zone invariably had significant effects. The high shore always ranked lowest in terms of recruit densities. The mid shore always had densities similar to, or higher than, the low shore. (4) Exposure had significant effects only in the analysis of densities on algae on the low shore (the low shore comparison could not be done for mussels), where densities on exposed shores were greater than on sheltered shores. (5) Densities of recruits on algae usually exceeded densities on mussels. In terms of total numbers, this was partly balanced by greater cover of mussels. Nevertheless, considering the shore as a whole, about 63% of early recruits (<1 mm) were found on algae and only 37% among adult mussels.
Synchrony
Recruitment events were poorly synchronised between sites, and there tended to be greater synchrony on different substrata within a zone than on the same substratum in different zones. This suggests that larvae arrived as patches or clouds in a zone and settled on all available substrata within that zone, rather than selecting a preferred substratum across different zones. Patchiness of mussel larvae in the water column occurs on scales ranging from 1 km to 100 m (McQuaid & Phillips 2000 , McQuaid & Lawrie 2005 and almost certainly on much smaller scales. This patchiness, combined with local hydrodynamics, probably prevented strong synchrony of recruitment between sites. For late plantigrades, decreases in density can be explained through mortality, but it is more difficult to interpret abrupt increases in density. These may reflect combinations of growth of smaller individuals, secondary settlement of large individuals and sampling error.
Site effects
Early plantigrade densities were greater at Diaz Cross than at High Rocks; however, this was not generally the case for late plantigrades. Although stochastic events can influence the number of larvae arriving at a shore (Sebens & Lewis 1985 , Phillips 1994 ), a consistent site effect on early plantigrades is not unexpected. Work on a number of taxa, particularly barnacles, has shown that certain areas can experience lower settlement than others (e.g. Robles 1997 , Dudgeon & Petraitis 2001 , Robles et al. 2001 due to either larval availability (lower densities of larvae in the water adjacent to the shore, e.g. Raimondi 1988 , Connolly et al. 2001 , or to larval delivery and the influence of local hydrodynamics (e.g. Scheltema 1975 , Caffey 1985 , Connell 1985 , Minchinton & Scheibling 1991 , Young et al. 1996 , Garrison 1999 , McKindsey & Bourget 2000 . The difference in the results for early and late plantigrades presumably reflects differences in post-settlement mortality rates (e.g. Jenkins et al. 2000 for barnacles) as settlement and post-settlement mortality may be affected in different ways by the same factors.
Zone effects
In most cases, the densities of both size classes were greater on the low and mid shore than on the high shore. Work on a range of algae and sessile invertebrates, including mussels and barnacles, indicates that this is likely to be due to greater submergence time and greater water depth on the lower shore, giving more time for settlement in these zones (Menge 1991 , Bertness et al. 1992 . The density of adult Perna decreases upshore and, on this coast, densities of juveniles (1 to 15 mm) are correlated with adult densities . Appropriate substrata for settlers are rare on the high shore and the lower zones may effectively filter out larvae before they reach the high shore. It is also possible that settlement is uniform across the shore, but that mortality immediately after settlement is greater on the high shore.
Exposure effects
The effect of wave exposure on mussel recruitment is not clear. McKindsey & Bourget (2000) found that recruitment to artificial substrata showed a significant positive correlation to maximum wave force at a site, but a significant negative correlation with mean wave force. Petraitis (1991) and Phillips (1994) found that exposure and settler/recruit densities were not related, but Menge (1992) and Robles (1997) found greater recruitment of mussels on exposed shores and we too found a clear effect. Densities of both early and late plantigrades on algae were higher at exposed sites, but the effect was pronounced only on the low shore. Menge (1991) found a very similar pattern for barnacles; recruitment was highest at exposed sites on the low and mid shores, but there was no exposure effect on the high shore. Our findings could be due to at least 3 factors: (1) Greater wave action may transport more settlers to exposed shores or influence their behaviour on the shore. (2) Settler densities may partly reflect structural differences in algal beds. On the low shore, Corallina plants were about 15 mm tall at sheltered shores and 40 to 60 mm tall at exposed shores. Mussel settlement is influenced by encounter rates of larvae with suitable habitat (Bologna & Heck 2000) and taller algae may simply trap more settlers. (3) Poor settlement on sheltered low shore zones may be linked to the scarcity of adult mussels. Each of the last 2 factors suggests that the difference between exposed and sheltered low shore zones may be only indirectly linked to exposure, leading to complex effects.
Our sampling design may confound exposure with other sources of spatial variation, as there was only 1 exposed and 1 protected shore at each site so that the effects of exposure cannot strictly be separated from other factors at the scale of site. However, our interpretation of exposure effects is strongly supported by the consistency between sites.
Substratum effects
Plantigrade densities were generally higher on algae than on mussels and Lawrie & McQuaid (2001) provide evidence of an association between algal biomass and recruitment of mussels to algae. Some authors have suggested that mussel larvae actively select algae for settlement (Bayne 1964 , King et al. 1990 ); for example, using chemical cues to differentiate between algal species (Dobretsov 1999 , Dobretsov & Wahl 2001 . However, mussel spat are more abundant in finelybranched than coarsely-branched substrata, both natural and artificial (Alfaro & Jeffs 2002) , and it has been argued that hydrodynamic processes alone can explain recruitment patterns on scales of > 3 cm (Bourget & Harvey 1998) . Cáceres-Martínez et al. (1994) suggest that settlement of Mytilus galloprovincialis is a passive process. Contact mucus threads produced by late pediveligers and post-larvae are more likely to snag filamentous surfaces so that algae trap settlers more efficiently than byssus threads, resulting in higher settlement on algae than on adult mussel beds (Lane et al. 1985) . Thus, higher recruit densities may simply be due to the larger surface area, or greater architectural complexity of algae. An alternative, and untested, possibility, is differential post-settlement mortality between the 2 substratum types.
The area of each substratum and densities of plantigrades in each zone were used to calculate total recruit numbers on the shore. Of all plantigrades, 63% were on algae. Most of these (45% of total) were on articulated coralline algae. This reflects both the high cover of corallines, and the high densities of settlement onto them (Phillips 1994) . Settling on algae may be advantageous to juvenile mussels as (1) algae provide a cryptic habitat that may reduce predation (as described for abalone by Shepherd & Turner 1985) , (2) competition between plantigrades and adults would be reduced (Bayne 1964 , Petersen 1984 , (3) possible filtering of larvae by adults would be avoided (Andre et al. 1993 ). However, settlement onto algae is only advantageous to the population as a whole if it is followed by secondary settlement onto mussel beds.
Bayne (1964) first described primary and secondary settlement on beds of Mytilus edulis, and subsequently many authors have suggested that mytilid plantigrades may move onto the mussel bed after an initial growth period on algae (Berry 1978 , Beckley 1979 , Crawford & Bower 1983 , Beukema & de Vlas 1989 , King et al. 1989 , McGrath & King 1991 , Cáceres-Martínez et al. 1993 , 1994 , Pulfrich 1996 . However, there is little direct evidence for this (Bohle 1971 , Dare 1976 , McGrath et al. 1988 , King et al. 1990 , Lasiak & Barnard 1995 , Gilg & Hilbish 2000 .
Large (> 5 mm) Perna perna appear in low numbers on artificial substrata left on the shore for 24 h (authors' unpubl. data), and even adult mussels remain surprisingly mobile (Paine 1974 ), but whether large-scale secondary settlement occurs on this coast remains to be demonstrated (Lasiak & Barnard 1995) . Secondary settlement has been described for northern hemisphere shores with large tidal ranges and sub-tidal mussel beds (Bayne 1964 , Dare 1976 , Lane et al. 1985 . Our shores have low tidal ranges (ca. 2 m) and powerful wave action, which may make a second pelagic phase not feasible.
Considering nearly two thirds of larvae are found on algae, their fate is important as mussel exploitation by people is intense on the south coast of South Africa (Lasiak & Dye 1989 , Lasiak 1993 . Unfortunately, recruitment on the south coast is orders of magnitude lower than on the west coast (Harris et al, 1998) , where there is little exploitation, and generally much lower than in other parts of the world (C. D. McQuaid & T. E. Phillips unpubl. data). Although new beds of Perna perna may be established in years with exceptionally heavy settlement (Berry 1978) , mussel populations here are likely to be strongly recruitment limited. This will be exacerbated if over half of early plantigrades settle on a substratum where they have no future. Alternatively, if Perna does exhibit secondary settlement, there is a conflict of interests between mussel conservation and commercial harvesting of macroalgae.
